Because there are no direct biological markers for the substances implicated in indoor air exposure, it is impossible to directly measure if an individual or group of individuals has been exposed to a potentially neurotoxic substance in the workplace. Behavioral changes may be the eariest and only manifestation ofcentral nervous system (CNS) effects and are often too subtle to be revealed by routine physical or neurological examination. Neuropsychological techniques are sensitive to subtle behavioral/cognitive changes that can result from exposure to neurotoxins. These techniques consist oforal and written tests that are administered by a trained examiner on a one-to-one basis. In general, a wide variety of cognitive domains are evaluated. The typical battery generally includes assessing orientation, attention, intelligence, language, visual memory, verbal memory, perception, visuoconstruction, simple motor speed, psychomotor speed, and mood. As with most assessment techniques, the neuropsychological methods have limitations. One major drawback is the availability of appropriate norms that are used to compare the results ofa specific individual. Because these tasks are greatly affected by age, intellgence, and in some instances sex, the availabifity ofappropriate norms is mandatory to determine if the CNS has been effected.
Introduction
Substances that have been reported to cause changes in mood and behavior with low-level exposure include lead, mercury, manganese, carbon disulfide, methylbromide, pentaborane, ethylene glycol monoethyl ether, and narcotic solvents (1) . The patient may complain of vague central nervous system (CNS) symptoms before any clear-cut CNS changes can be measured. In patients with known neurotoxic exposures, clinical complaints include inability to concentrate, loss of memory, depressed mood, anxiety, restlessness, loss of interest in work, changes in libido, general apathy, confusion, sleep disturbance ranging from insomnia to somnambulism, irritability, headaches, and weakness.
Unfortunately, biological markers for solvents that compose volatile organic compounds (VOC) in indoor air are difficult to measure because of their rapid metabolism and clearance. Because solvents are known to cause behavioral changes as a result of adverse effects on the nervous system, it has also been speculated that VOCs have a negative effect on the CNS. Because these behavioral changes are often too subtle to be revealed by routine physical or neurological examination, the measurement ofcognitive ability using neuropsychological techniques provides a method, albeit indirect, for evaluating the integrity ofthe CNS.
Neuropsychological Effects
Abnormal neuropsychological results reflect CNS involvement. IfCNS dysfunction exists, specific patterns ofperformance provide additional information about the nature ofbrain injury. These (7) . In past eras, higher levels of education were the exception, rather than the rule, especially in women. Because verbal intelligence will affect performance on the majority of neuropsychological tests, it is necessary to predict the level at which someone is expected to perform. When performance in a specific cognitive domain (memory, for example) fills below level ofintelligence, then a cognitive decline from baseline is indicated. When exposed versus unexposed groups are equated for intelligence in epidemiologic investigations, the vocabulary test has proven to be an excellent tool to measure general level of intelligence without having to administer an entire WAIS-R, which can require 1 to 1.5 hr to administer.
Another test that correlates highly with the vocabulary test (r = 0.74) and is also resistent to CNS impairment is the similarities test from the WAIS-R (6). As the name implies, the formulation and expression ofthe similarity between objects and/or concepts such as the relationship between an orange and a banana is required.
Although there are many standardized tests to evaluate language and aphasia, such as the Western Aphasia Battery (8) (13) . In this task, seven cards, each with an unfamiliar symbol and a single corresponding digit, are shown for 3 sec. Next, the symbol alone is presented as the retrieval cue, and the corresponding digit must be provided by the subject. After the response, the pair is displayed for another 3 sec. Four trials are given. Like the RAVLT, which is used to assess verbal memory, the symbol-digit task yields a learning curve for visual memory.
The Block Design Subtest from the WAIS-R is probably the most widely used measure of visuoconstructional-assembly ability. On this task, red and white blocks must be arranged to correspond to a printed design. There are time limits for each problem and bonus points are given for rapid response time. This test has been shown to be sensitive to the effects of lead (14 Simple visual reaction time is another task that has been shown to be affected by neurotoxins. Reaction time can be measured by using either a reaction-time device or a computer. Basically, the subject must press a button using the index finger of the domi (18) and to develop separate norms based on vocabulary scores (7) . In addition to intelligence, neuropsychological tests are also affected by age and sex (7, 17, (19) (20) (21) . Therefore, adequate norms examining each of these important variables is necessary to ensure accuracy when making a diagnosis. The effects ofthese confounding variables on specific neuropsychological tests are presented in Table 2 .
Neuropsychological tests have been shown to have high sensitivity but low specificity. When abnormal neuropsychological results are obtained, it must be determined if these abnormal results are due to a neurotoxic effect or to an alternative etiology. Although the patients may report that the development of their cognitive difficulties is recent, in many cases review of school records suggests that these difficulties may be longstanding (subnormal level of intelligence or a longstanding learning disability). In addition, cognitive impairment may be indicative ofother diseases ofthe CNS such as multiple sclerosis, cerebral vascular events, and Alzheimer's disease, and therefore do not reflect neurotoxic effects at all. Depression or anxiety disorders will also negatively affect performance, producing difficulties with attention/concentration, psychomotor speed, dexterity, learning, and memory. Because similar cognitive difficulties are seen with both neurotoxic effects and anxiety/depression, if Psychiatric disturbances associated with neurotoxic exposure may result directly from the toxic effects on the CNS or indirectly from psychological reactions to occupational exposure, injury, or illness. Psychological reactions to exposure may be as important as the direct effects of the known toxic substances in the etiology and persistence of symptoms. Acute exposure to toxic or potentially toxic substances and the occurrence of symptoms and illness while at work is a frightening occurrence and often sufficiently stressful to cause severe psychological disorders, adjustment disorders, and typical and atypical post-traumatic stress disorders (22, 23) .
An adverse psychological response to an exposure where there is recovery from the direct toxic effects but the individual continues to experience distressing symptoms may be the result of the interplay of many factors. When the patient finds out that he has suffered an exposure, there is an intense fear ofthe unknown. The patient as well as his family and friends may view an industrial exposure as more threatening and mysterious than other types of illness. These fears may serve to reinforce the patient to increase his dependency on family and medical personnel. The patient may also interpret exposure as evidence of lack of concern for his safety on the part of the management or company. Supervision, safety, and medical department personnel may be unhappy when their efforts to prevent exposures fail. This may affect their approach to the worker which may be interpreted by the worker as hostility toward him or her. In addition, failure to find elevated blood or urine levels ofa specific substance in light ofthe experience ofsymptoms may cause the worker to feel even more uncertain and fearful. Sutton (24) suggests that these emotional complications can be prevented by a) prompt investigation and correction ofthe factors responsible for to the exposure, b) disclosure ofthe possible adverse health effects associated with the chemical in order to prevent anxiety about fear of the unknown, c) showing medical competency that will instill confidence and mutual trust, and d) avoidance of animosity by the employer.
In a subgroup of exposed individuals, distressing symptoms may continue to be experienced because these symptoms have been conditioned. This conditioning adheres to a Pavlovian conditioning model in which symptoms are an unconditioned or naturally occurring response to exposure to an odorous neurotoxic substance. The association ofthe odor ofthe toxicant with the symptoms of the exposure causes classical conditioning of the strong odor alone, which can serve in the future as a conditioned stimulus (CS), eliciting the same symptoms as the toxicant itself. Repeated or prolonged exposure strengthens the conditioned association between odor and illness. When generalization of a response occurs, a different odor (CS) will elicit the same response as the original stimulus. The level of intensity of a generalized response is dependent on the degree of similarity between the original stimulus. Symptoms that increase in severity after removal from the source of exposure may be the result of learning, albeit unintentional learning (25) .
While these workers tend to report diminution of symptoms when they are in a relatively odor-free environment, a clean odorless environment is, unfortunately, difficult to obtain in the present society. In light of this classical conditioning model, treatment ofthese individuals could consist ofpsychotherapy using behavioral techniques such as systematic desensitization to extinguish the conditioned response. Systematic desensitization has been used successfully in treating phobias (26) , and there are now a few anecdotal reports ofalleviation of symptoms with this technique (22, 25) .
